We present the revised and high quality CCD time series observations in 2017 and 2018 of the W UMa-type contact binary BH Cas. The combination of our new determinations of minimum times and those collected from the literatures reveal a long-term period increase with a rate of dP/dt = +3.27 × 10 −7 day yr −1 , which can be accounted for by angular momentum transfer as the less-massive component loses its mass to the more massive one. One cyclical oscillation (A = 0.00300 day and P = 20.09 yr) superimposed on the long-term period increase tendency is attributed to one additional object that orbits BH Cas. The low-resolution spectra of this source are observed at phase ∼0.0 and ∼0.5 in 2018 and 2019, and the spectral types are identified as K3V ± 1 and G8V ± 2. According to the luminosity contributions and spectra at these phases, the spectral type of the primary star is close to K3V ± 1. We infer a cool spot on the hotter and less-massive component to fit the asymmetry of light curves. In addition, changes in the location, temperature, and area of spots on the secondary star in different observations may indicate that the magnetic field activity of the secondary is more active than that of the primary. Such strong spot activities and optical flare are both detected at the same time from a W UMa-type star for the first time. With the XMM-Newton observations taken in 2003 and 2012, the X-ray light curve is obtained and the X-ray spectra can be well described with a black-body or a bremsstrahlung model. The soft X-ray luminosity of BH Cas is estimated as 8.8 -9.7 × 10 30 erg s −1 .
INTRODUCTION
Close binaries are divided into Algol (EA), β Lyrae (EB) and W UMa (EW) types (Molík 1998) according to the shape of their light curves. W UMa-type binaries, which have been studied for more than one century (Müller 1903) , are one of the EW-type with a relatively high frequency of occurrence (Shapley 1948; Nef & Rucinski 2008) . Many phenomena, however, remain unexplained. For example, the O'Connell effect (O'Connell 1951; Milone 1968) shows two maxima times of the light curves with different luminosities. Based on the temperatures and masses, the W UMa-type can be further divided into the W-subtype and the A-subtype (Binnendijk 1970) . For the W-subtype, the primary minima of the light curves are caused by the more massive component transiting the less massive hotter one, whereas for the A-subtype, the situation is reverse. These two subtypes of W UMa-type are generally considered to have an evolutionary relationship with each other, but the direction of evolution between them remains controversial. For example, Li et al. (2004) , based on the energy transfer in binary systems, infers that the A-subtype is the later evolution stage of the W-subtype. , on the other hand, propose the opposite evolutionary sequence by utilizing statistics of the mass and angular momentum of binary systems.
Many W UMa-type binaries are X-ray emitters. Some of their fundamental features, including high chromospheric and coronal activity (Huenemoerder et al. 2006; Hu et al. 2016; Kandulapati et al. 2015) , and synchronous fast-rotation common envelopes (Gondoin 2004; Chen et al. 2006) , are believed to be the origin of the X-ray emission. Their X-ray intensities are related to their orbital periods and spectral types (Stȩpień et al. 2001; Chen et al. 2006) . The studies of 2MASS J11201034-2201340 (Hu et al. 2016 ) and VW Cep (Huenemoerder et al. 2006) indicate that the X-ray light curves do not show obvious occultation or modulation as optical light curves do. The investigation of VW Cep and YY Eri (Vilhu & Maceroni 2007) suggests that in a UMa binary system, the massive component dominates the magnetic activity.
BH Cassiopeiae (RA=00 h 21 m 21.4 s , Dec=+59
• 09 05 .2, J2000) was recognized by Beljawsky (1931) as a variable star. Kukarkin (1938) classified it as a W UMa-type variable star with a period of ∼ 0.5 days and an amplitude of ∼ 0.4 mag. Metcalfe (1999) presented the light curves in U, B and V bands and the radial velocity curves. He obtained basic parameters (e.g., the inclination, temperatures, and fractional luminosity) of BH Cas and further classified it as a W-subtype W UMa system. However, he corrected for data taken with different telescopes by assuming all U band maxima to be approximately equal, thereby preventing him from detection of the O'Connell effect (Zo la et al. 2001) . Zo la et al. (2001) carried out additional photometric observations in R and I bands, and found no O'Connell effect. Niarchos et al. (2001) also detected no significant O'Connell effect in their light curves of BH Cas. For the temperature of BH Cas, Metcalfe (1999) derived an effective temperature about 4600 ± 400 K by the color index, and later concluded the temperature of the secondary star to be 4980 ± 100 K and the temperature of primary star to be 4790 ± 100 K. Zo la et al. (2001) set the temperature of the secondary as 6000 K based on a classification spectrum F8±2 for BH Cas, and derived the temperature of the primary as 5550 ± 22 K.
Information regarding the orbital period change is vital in derivation of the physical properties of contact binaries. By conducting the Observed minus Calculated (O−C) analysis for BH Cas, Zo la et al. (2001) noted that the parameters of the linear fit for O−C analysis (data covering from 1994 to 2001) were positive, and those of the parabolic fit were close to zero. However, Qian (2001) showed the O−C to have a significant upward trend with a rate of dP/dt = +1.17 × 10 −6 d yr −1 based on the data obtained from 1994 to 1999, and notwithstanding the relatively short time interval of the observations, commented the rate to be unusually large for a binary system. Using data taken from 1994 to 2008, Arranz Heras & Sanchez-Bajo (2009) measured the linear elements to be nearly 0.
In this paper, we report the revised high-quality CCD photometric data of BH Cas, which when supplemented with minimum times in the light curves collected from the literature, led to an improved determination of the physical parameters of the system. New spectral typing provides more reliable estimation on the stellar temperatures than before, whereas the X-ray light curves and spectra set constraints on the emission mechanisms. We present the optical photometric, spectral and X-ray observations of BH Cas in Section 2. The O−C analysis, optical light curve fitting, and X-ray spectral fitting are given in Section 3. We discuss our results in Section 4 and give a summary of our work in Section 5.
OBSERVATIONS, DATA REDUCTIONS AND RESULTS

Optical Observation and Data Reduction
2.1.1. Photometry BH Cas was observed using the Nanshan 1-meter telescope (Song et al. 2016; Ma et al. 2018) of Xinjiang Astronomical Observatory from Oct. 20, 2017 to Dec. 29, 2018 . The telescope was equipped with an E2V CCD203-82 (blue) chip CCD camera, which has 4096 × 4136 pixels, with a pixel size of 1.125 arcsec. A square area of 1200 × 1200 pixels near the center of the CCD chip was used, corresponding to a field of view of 22 .5 × 22 .5. A set of Johnson-Cousins B, V, R and I filters was used, with typical exposure times of 20 s for B, 15 s for V, 8 s for R and 17 s for I. For all the observations, the same gain, bin values and readout mode were used. Figure 1 . 5.1 × 5.1 image in B band. The target BH Cas, the comparison star and the check star are marked, respectively, with "V", "C" and "K".
The aperture photometry package PHOT of IRAF 1 is utilized to reduce the CCD data. Figure 1 demonstrates a part of the observed frame, in which the target, comparison and check stars are labeled. The magnitudes and positions of the comparison and check stars are close to BH Cas. The color of the comparison star is almost the same as that of BH Cas. The coordinates and visual magnitudes of these stars are listed in table 1. For differential magnitudes, the IRAF command pdump is used to derive the instrumental magnitudes and their errors, and helect is used to extract the Heliocentric Julian Date (HJD) of each frame. Then, the new times of the primary (type I) and secondary (type II) minima in different bands, listed in Table 2 , are derived by parabolic least-squares fitting to the light curves. We started out with the equation Min.I = (HJD 0 ) 2449998.6182(3) + 0.
d 40589171(5) × E as per given in Arranz Heras & Sanchez-Bajo (2009) to obtain the orbital phases, but there is a slight shift in phase. Therefore, we chose one of the minimum times we derived as the new HJD 0 . The period is preserved, and the revised linear ephemeris becomes,
Figure 2(a) exhibits the phase-folded optical light curves of BH Cas observed on Oct. 20, 21(black), Dec. 21(red), 2017 and Jan. 4, 5, 6, 7(green), 2018. In each band of the light curves, the data obtained in these three observation seasons deviate more from each other in the phase range from 0.6 to 1.06 compared with that in other phase ranges. We define the primary (MaxI) and secondary (MaxII) maximum as that following the primary and secondary minima, respectively. The MaxI and MaxII magnitudes, both obtained from the same nights by parabolic least-squares fitting to the light curves, are listed in Table 3 . It can been seen that the magnitude difference between the amplitude of the primary and the secondary maxima (MaxI-MaxII) change over observations. Note a clear flare event detected on Oct. 21, 2017. Figure 2(b) , showing the differential magnitudes between the comparison and the check stars, manifests that the observed variations in the optical light curves of BH Cas are actual and trustworthy. The low-resolution spectra of BH Cas were observed on November 22, 2018 and January 23, 2019 with the 2.16-meter telescope (Fan et al. 2016) in the Xinglong Observatory, National Astronomical Observatories of China. The Beijing Faint Object Spectrograph and Camera, equipped with a 2048 × 2048 pixels E2V CCD42-40 NIMO CCD, was used in these observations. A slit of 1.8 and grating G4 was used to provide a wavelength coverage from 3800Åto 8800Å, a linear dispersion of 198Å mm −1 , and a spectral resolution of 4.45Å pixel −1 . The total exposure time on the target was 800 s. IRAF is used for data reduction following standard spectral processing. Finally, the one-dimension spectra of BH Cas and the standard star Hiltner 102 (Stone 1974) were extracted for flux calibration. In Figure 3 and 4, the spectra presented by solid black lines are observed at phases ∼0.0 (HJD 2458445.067365) and ∼0.5 (HJD 2458506.948262), respectively. The spectra were compared with SDSS/BOSS reference spectra of different spectral types from Covey et al. (2007) . The PyHammer 2 code (Kesseli et al. 2017 ) was used to make the comparison, leading to the best fit of K3V±1 (∼4850±150 K) and G8V±2 (Cox 2000; Harmanec 1988 According to geometric configuration (Zo la et al. 2001; Metcalfe 1999) of BH Cas, if we assume that two components are black bodies, the spectral temperature at phase 0.0 is the closest temperature to the primary through the whole phase range while that at phase 0.5 is the closest to the secondary. And since the light curves of BH Cas can be well fitted for a wide range of temperatures (Zo la et al. 2001) , the reliable initial values are important for the solution of light curve fitting. Therefore, it is reasonable to set the temperatures 4850 K and 5300 K derived by the spectrum of BH Cas at phases 0.0 and 0.5 as the initial temperatures of the primary and secondary in optical light curve fitting in Section 3.2, respectively.
X-ray Observations and Data Reduction
The X-ray detection of BH Cas was firstly presented by Brandt et al. (1997) (Pasham et al. 2013) . We downloaded the data from XMM-Newton Science Archive 3 (XSA). All the European Photon Imaging Cameras (EPICs), including two MOS cameras and PN CCD, were operated in the full-frame mode with thin filters in these two observations. Details are listed in Table 4 . In the following, we denote the X-ray observations in 2003 and 2012 as O 03 and O 12 , respectively (see Table 4 ).
We use XSA online Interacting Data Analysis 4 (IDA) to perform pipeline data reduction. IDA processes the observation data files (ODF) with Science Analysis System (SAS) and current calibration files on the Remote Interface for Science Analysis (RISA) server. The system automatically generates filtered events lists, clean spectra and light curves. We extract source photons from a circular region centered on BH Cas with a radius of 30 to encircle 80% of source energy. BH Cas lies on the boundary of two chips of the PN camera in O 12 , so we do not use it. The background events are extracted from a source-free 80 circle near the source. In order to eliminate the difference in results that may be caused by background selection, we also select the source-free backgrounds of other sizes and positions, and find almost no difference in background events after normalization. We do not take the pile-up effect into consideration, because the counts rate of BH Cas ∼ 0.01 counts s −1 is far less than the minimum of EPICs needed for consideration. For the event pattern and flag, the options are set to be "Pattern <= 12" and "Flag = 0" for MOS, respectively, and "Pattern <= 4", "Flag = 0" for PN. The energy range is selected to be between 0.2 keV to 12 keV. For the product type, firstly, we set the option to be "Spectra". The files of source spectra, background spectra, spectral response matrices for O 03 and O 12 are automatically generated by IDA. Then, the clean light curves of O 03 and O 12 with a bin of 2000 s are extracted by setting the option to be "Light curve".
The ephemeris from Equation 1 is used to calculate the phase of the X-ray light curve. In order to correct the differences in the light arrival times due to the relative locations of the XMM-Newton and the star, the Modified Julian Date (MJD) of the X-ray light curve is converted to HJD 5 . The bin of phase is eventually set to 0.1 to get enough detection significance. We do not obtain the X-ray light curve from O 03 since its effective time span is shorter than the orbital period of BH Cas. The phase-folded X-ray light curve of MOS of O 12 is shown in Figure 2 (c). 
The O-C Analysis
Ten years have passed since Arranz Heras & Sanchez-Bajo (2009) pointed out that no evidence had been found for any period change of BH Cas. We obtain 67 new minimum times in this work, combining with 94 minimum times collected from published papers and the website O−C Gateway 6 , a total of 161 minimum times that cover 24 years from 1994 to 2018 are used for our O−C analysis. Equation 1 is used to calculate the (O−C) 1 values. An obvious concave upward trend is evidenced in Figure 5 (a). Therefore, we add a period derivative quadratic term to fit the data and the period increasing rate is derived to be dP/dt = +3.27 × 10 −7 d yr −1 . The fit is statistically improved with a reduced χ 2 = 34.3. The corresponding residual (O − C) 2 is shown in Figure 5 (b). The fitting remains poor, as (O − C) 2 seems to show a distinct quasi-sinusoidal oscillation between epoch −21000 and −11000, whereas in the interval −11000 to 1000, the distribution is more or less flat, with about 65% of the data points below zero. First, we consider the possibility of an elliptical orbit. There are no suitable solutions; either the errors of the fitting parameters are too large, or the derived orbital eccentricity e is greater than 1, i.e., an non-ellipse orbit. Alternatively, we assume a circular orbit and use the following formula (Hoffman et al. 2006) :
where c 0 , c 1 and c 2 are the parabolic fitting parameters, and a 1 , b 1 are the Fourier coefficients. The best-fit parameters are listed in Table 5 with the errors being directly output from the covariant matrix. The revised quadratic ephemeris is then:
In Figure 5 (b), we use a red solid line to indicate the oscillation with the amplitude A = 0.00300 days and the oscillation period P = 2πP/ω = 20.09 yr. The residuals in Figure5 (c) represent the deviation of data points in panel (b) from the red solid line. The best-fit parameters of this oscillation are listed in Table 5 . The reduced χ 2 is 17.3 in Figure 5 (c). The 2013 version of the Wilson-Devinney (W-D) code (Wilson & Devinney 1971; Wilson 1979; Wilson 2012 ) is used to fit the light curves in four bands in order to get the physical and geometrical parameters of BH Cas. In the fitting process, we use the photometric data of this work and the radial velocity of Metcalfe (1999) as the constraint condition. We define the primary component with subscript 1 and the secondary with subscript 2. In our fitting, the mass ratio q (M 2 /M 1 )= 0.475(23) obtained by radial velocity measurements (Metcalfe 1999 ) is fixed through the fitting. The initial values of mean temperature of the primary (T 1 ) and secondary (T 2 ) are set to be 4850 K and 5300 K as mentioned in Section 2.1.2. A circular orbit and synchronous rotation are assumed. For the bolometric and monochromatic limb darkening law, we use the logarithmic form with the coefficients, X bolo , Y bolo , x B , y B , x V , y V , x R , y R , x I and y I taken from van Hamme (1993) . The gravity darkening coefficients and the bolometric albedos are set to g 1 = g 2 = 0.32 (Lucy 1967) and A 1 = A 2 = 0.50 (Ruciński 1969) because the atmospheres should both be convective. The adjustable parameters are: the orbit inclination i, the mean surface temperature of primary T 1 , the mean surface temperature of secondary T 2 , the modified dimensionless surface potential Ω 1 , and the bandpass luminosity of primary L 1 .
Optical Light Curve Model Fitting
As shown in Figure 5 (b), there is a cyclic modulation in the orbital period variation of BH Cas. So the third light L 3 is taken into consideration in the light curves fitting. Because of the asymmetry of the light curves and the unequal luminosities at the maximum times (see Figure 2) , it is impossible to get perfect fitting to the light curves without star spots. After a series of iterations we obtain fair solutions by adding a cool spot on the secondary star by adjusting the longitude, latitude, angular radius and temperature of the spot. These solutions are listed in Table 6 . The parameters of BH Cas yielded by three sets of photometric solutions are almost identical. In Figure 6 , the theoretical light curves given by the solution are compared to the observed ones in different observations. Figure 7 illustrates the geometric structure of BH Cas at different orbital phases with a spot on the secondary component in different observations. The revised absolute parameters we obtained for BH Cas are listed in Table 7 . We should note that the errors in Table 6 and 7 are most likely underestimated (Prša & Zwitter 2005) . The reason is the existence of strong correlation between the fitted parameters due to due to the parameter space degeneracy of the model used.
X-Ray Spectra Fitting
XSPEC version 12.10.0 is used to fit X-ray spectra. Since there are few photons above 2 keV, and X-ray emission is dominated by the background, the fitting is carried out in the energy range 0.2-2 keV, i.e., the soft X-rays. We separately try the thermal bremsstrahlung, black-body and the non-thermal power law to fit the spectra, corresponding to bremss, bbody and powerlaw radiative models in XSPEC. We use the absorption model wabs 7 . The average Galactic hydrogen column density N H in the region near BH Cas is estimated to be 4.82 × 10 21 cm −2 by the Leiden/Argentine/Bonn Survey (Kalberla et al. 2005) . At first, we set N H as a free parameter. The lowest best fit valve is then 6.07
, which is not far from the derived value but with too large an uncertainty. We then fixed the value of N H as 4.82 × 10 21 cm −2 . We find that the power-law model failed to fit the spectra, with all reduced χ 2 ≈ 2. We separately carried out simultaneous-fitting 8 using bremss or bbody model for each observation. The reduced χ 2 values in O 12 are all greater than those in O 03 , which is most likely caused by the exposure times and the instrumental differences between MOS and PN, e.g., quantum efficiency and time resolution (Strüder et al. 2001; Turner et al. 2001) . Fitting parameters are listed in Table 8 , and the spectra with the corresponding best-fit models are shown in 4. DISCUSSIONS
Additional Companion
The cyclic oscillation shown in Figure 5 (b) may be caused by the Applegate mechanism (Applegate 1992), or by the light-time effect as a consequence of the existence of a third body. By calculating the quadrupole moment of the solar-type components, we can quantify the role played by the Applegate mechanism. The equation given by Rovithis-Livaniou et al. (2000):
where A is the semi-amplitude, P is the oscillation period , and A = a 2 1 + b 2 1 = 0.00300 day. By using the relationship between ω and P , ω = 2πP/P , we get the value of P in year. So the periodic rate of change is ∆P/P ∼ 2.568 × 10 −6 . To produce such a change rate, the change in the required quadrupole moment can be calculated using Equation (Lanza & Rodonò 2002) : Note-The asterisk (*) refers to assumed, fixed values. Table 7 . Absolute parameters of BH Cas. where M is the mass of each component in solar mass, and the semi-major axis a is the distance between two components. a can be solved using Kepler's third law:
Combining Equations 5 and 6, we then obtain the required quadrupole momentums variations of ∆Q 1 ∼ 1.8 × 10 49 g cm 2 and ∆Q 2 ∼ 8.8 × 10 48 g cm 2 . However, these are less than the range of typical values for a binary system with periodic oscillations that can be explained by this mechanism is 10 51 g cm 2 to 10 52 g cm 2 (Lanza & Rodonò 2002) . In addition, this mechanism is mainly used to explain period modulations of an amplitude ∆P/P ∼10 −5 (Applegate 1992) while this value of BH Cas is ∼10 −6 . Therefore, we conclude that the Applegate mechanism is unable to explain the periodic change of this source. Alternatively, we consider the light-time effect (LITE) to explain the cyclic oscillation. By combining the orbit parameters listed in Table 5 , we get the parameters of the third body using the following formula (Kopal 1978) :
where a is the orbital radius of the common center of mass of the triple system consisting of the contact binary and a third body, and i is the inclination of the third body. We further calculate the mass of the third object M and the orbital radius a via: where G is the gravitational constant. The computed astrometric orbit makes the existence of the LITE evident. The mass of the third object thus derived is 0.098(9) M if its orbit is coplanar (i = 71
• ) with the binary system. The derived properties of the third body are listed in Table 9 . In addition, the light curve fitting to our observations (see Table 6 ) shows that the contribution of the third light to the total luminosity reaches two thousandths in B band, which may also support the possible existence of a third body.
The Magnetic Field Activity
As shown in Table 3 , all the magnitudes of maximum times around phase 0.25 are significantly higher than those around 0.75. We thereby conclude that, for the first time, we detect significant O'Connell effect in BVRI bands for BH Cas. As shown in Figure 2 (a), we note that the light curves in all bands scatter noticeably from phase 0.6 to 1.06 comparing to that from phase 0.06 to 0.6, and the magnitude difference between the amplitude of the primary maxima and the following secondary changes from season to season. An optical flare was detected on Oct. 21, 2017, and this is the first detection of an optical flare in this source. The variations in the B and V bands, which amount to ∼ 0.15 mag and continue for ∼15 minutes, show the flare near phase 0.85. In R and I bands the tendency also can be recognized. The luminosity of the flare decreases as the wavelength increases, similar to the situation in U Pegasi (Huruhata 1952) . One possible explanation for the O'Connell effect is the magnetic activities, manifest by flares (Qian et al. , 2014 or star spots (McCartney 1997) . But flares are sporadic and short in duration, hence, difficult to account for the persistence of the O'Connell effect. However, star spots are relatively long-lived, and their existence and the distribution on the surface can be diagnosed with photometric observations at different rotational phases. By adding a cool spot on the less massive component, the W-D code fitting leads to a good result for the different luminosity of the maximum times and the asymmetry in optical light curves. In three observation seasons, the variation of the amplitude of the light curves is likely caused by the changes of the total spot area, location, and temperature, i.e. strong spot activities. From the W-D solution, the spot began to appear at phase ∼0.6, was completely exposed at phase ∼0.75, and was covered by the primary star at phase ∼1.06, which are in good agreement with the observations. These variations in the spot of the secondary suggest a stronger magnetic activity than that of the primary. No flare and significant O'Connell effect have been reported in previous works for BH Cas (Metcalfe 1999; Zo la et al. 2001; Niarchos et al. 2001) . Our detections suggest that this source in its stronger magnetic active state during our observations than that of previous observations. In addition, there are shallow absorptions in the Hα, Hβ, Hγ (Pi et al. 2017) and Ca II triplet lines (Mallik 1997) in the spectra of Figure 3 and 4. These may indicate that BH Cas is chromospherically active.
The Spectral Types
Our low-resolution spectra show that the spectral types at phase ∼0.0 and ∼0.5 are K3V±1 (∼4850±150 K) and G8V±2 (∼5300± 300 K), respectively. As shown in Table 6 , the temperatures of the primary T 1 and secondary T 2 obtained from light-curve fitting are ∼4880±100K (∼K3V±1) and ∼5160±100 K (∼G9V±1), respectively. Using the inclination i in Table 6 and absolute parameters listed in Table 7 , the geometric model of BH Cas is simplified as two spheres with external tangent. If we do not consider the limb darkening effect, the ratios of luminosities of primary to secondary are derived to be ∼7:1 at phase 0.0 and ∼1:1 at phase 0.5. This may indicate that the temperature of the primary should be slightly lower than the spectral temperature at phase 0.0 while the temperature of secondary higher than the spectral temperature at phase 0.5. Considering the errors of the light curve fitting are most likely underestimated, the fitting temperature of primary is close to the spectral temperature at phase 0.0, which may be caused by the dominant luminosity of the primary at this phase and may suggest that the spectral type of primary is likely to be ∼K3V±1. According to the light curve fitting, the spectral type of the secondary is ∼G9V±1, while the photometric contribution and the spectral type at 0.5 phase indicated that the temperature of secondary is higher than the spectral temperature of G8V±2. The inconsistency between these results makes it difficult for us to judge the actual spectral type of the secondary. Considering the magnetic activity of BH Cas mentioned in Section 4.2, the spectrum may be influenced by stellar activities, e.g. spots, flares, resulting in deviation of spectrum temperature from typical stellar temperature of BH Cas. Metcalfe (1999) derived an effective temperature for BH Cas about 4600±400 K by the V − I and R − I colors. This temperature corresponds to a main-sequence spectral type K4±2. Using W-D code, he derived the temperatures of the primary and secondary star as 4790±100K and 4980±100K, which are close to the fitting temperatures of this work. A temperature of BH Cas released by Gaia2 is 4990±324 K (Andrae et al. 2018) . Although the uncertainty of the temperature is high, it is within the range of component temperature of BH Cas we derived by spectra. Based on a single spectrum taken in the range 5080 -5290Åwith a resolution of 0.2Å/pixel using a 1.9-m telescope (Lu & Rucinski 1999) , Zo la et al. (2001) set the temperature of secondary component to 6000K according to spectral type of F8(±2). By fixing T 2 to 6000 K, T 1 =5500 K is obtained using W-D code. The spectral type of F8(±2) is significantly different from what we got at phase of 0.0 or 0.5. Although a strong stellar activity could be a possible reason, we may suggest that such a difference is most possibly due to a high uncertainty in the determining the spectral type using such a narrow range (210Å) and high resolution. More low resolution spectral observations at different phases may help us to explore component spectral types of BH Cas.
The X-ray Emission
While the variation in the optical light curves is caused by the binary geometry and inclination, the X-ray light curve does not show obvious eclipses. The lack of X-ray variability, with a reduced χ 2 of the phase-folded X-ray light curve (Figure 2(c) ) being, 1.5, could be the consequence of insufficient number of X-ray photons. Alternatively this indicates a different light distribution of X-ray from that of the optical one. The fitting of asymmetry and O'Connell effect in the optical light curves suggests the presence of spot. The X-ray emission may be caused by the chromosphere and corona activity (Huenemoerder et al. 2006; Hu et al. 2016; Kandulapati et al. 2015) . The location, size and temperature of the spot change with time. This change may be reflected in the X-ray light curve or spectra. However, X-ray and optical observations are not carried out at the same time. Simultaneous observations of X-ray and optical are necessary to solve the issue. Both of the single models, the black-body and the bremsstrahlung, can describe the X-ray spectra of BH Cas, which indicates that the origin of X-ray emission of this source is thermal. The derived fluxes in the energy range 0.2-2 keV are estimated to be ∼ 3.77 In 1997, the X-ray flux of BH Cas in 0.1-2.5 keV is measured to be 4.2 × 10 −14 erg cm −2 s −1 (Brandt et al. 1997 ) and the average X-ray luminosity in this observation is about 9.67 × 10 29 erg s −1 . Although the X-ray flux in the light curve fluctuates between different phases of the complete phase, there is no significant change in these average X-ray luminosities, which indicates that the average X-ray luminosity of BH Cas may be stable over long time.
Mass Transfer and Evolution of Angular Momentum
The solution of the W-D code, revealing a hotter less-massive component, indicates that BH Cas is a W-subtype W UMa system. Moreover, the O−C analysis shows a long-term increase in the orbital period which can be explained by the transfer of matter from the less-massive component to the more-massive one. Using the following equation (Tout & Hall 1991) 
where the mass of the two components, M 1 = 0.96 M , M 2 = 0.46 M , we derive the mass transfer rate dM 1 /dt = +2.37 × 10 −7
M /yr. The plus symbol means that the more massive component is gaining mass from the less massive star at a rate of dM 2 /dt = −2.37 × 10 −7 M /yr. The mass transfer time scale is then τ ∼ M 2 /Ṁ 2 ∼ 1.48 × 10 6 yr. The coupling of this mass transfer process with the increase of orbital period is consistent with the prediction of the angular momentum loss (AML) theory (e.g., Shengbang & Qingyao (2000) ).
The orbital angular momentum and the spin angular momentum (Arbutina 2007 ) of binaries can be estimated by
where Ψ i s are the orbital angular velocities, k 2 i s are the dimensionless gyration radii, and R i s are the volume radii. We can assume synchronization for close binaries, so Ψ 1 = Ψ 2 = 2π / P. Since the possible evolutionary relationship between W-subtype and A-subtype is still controversial, it is reasonable to study their angular momentum evolution separately. In order to investigate the angular momentum of W-subtype binaries, according to their period and total mass, i.e., M 1 + M 2 < 3, and P < 1day, we compile a list of 73 objects for which the absolute parameters have been well determined. Their basic parameters are listed in Table 10 , sorted by the decreasing total mass. We derive the values of J spin /J orb and J spin + J orb for all these binaries. After a series of least-squares fitting in different forms, we obtain the best fitting curves as shown in Figure 9 . The equation between log(J spin /J orb ) and log(q) is as follows:
In Figure 9 , the green open circles represent the W-subtype W UMa-type contact binaries, and the fitting curve is in black, with the size of each circle corresponding to the value of the angular momentum. In general, as log(q) decreases, log(J spin /J orb ) increases. The cyan square point is the position where J spin /J orb = 1/3, we obtained minimal mass ratio q min,W −subtype = 0.0757(4). This value of the secular tidal instability is consistent with the range 0.076-0.078 reported by Li & Zhang (2006) , and is marginally higher than the range 0.070-0.074 presented by Arbutina (2009) . Adopting the absolute parameters we obtained for BH Cas, J spin /J orb = 0.04531. Due to the total mass of BH Cas is small, the angular momentum of BH Cas is smaller than other source around it (see Figure 9 ). With the transfer of mass between the two components of BH Cas, the mass ratio will decrease, while J spin /J orb increases. If the system reaches a state when J orb = 3 J spin (Arbutina 2007) , tidal instability will occur, thereby forcing the binary to merge into a single, rapidly rotating star.
SUMMARY
We present the new photometric and optical spectral observations of BH Cas. The O−C analysis and the theoretical solution of optical light curves indicate BH Cas to be a W-subtype W UMa contact binary with an orbital period increased with a rate of dP/dt = +3.27 × 10 −7 d yr −1 . The change of the orbital period may be caused by the mass transfer from M 2 to M 1 . One cyclical oscillation (A = 0.00300 days and P = 20.09 yrs) superimposed on the longterm period increasing tendency, which we attribute to a additional components in the system, e.g., a low-mass star. In the multi-band optical light curves, the strong spot activities and the optical flare are detected at the same time on a W UMa-type system for the first time. Solutions using the W-D code suggest the existence of a cool spot on the secondary star. The spectra observed at phases ∼0.0 and ∼ 0.5 in 2018 and 2019 led to spectral typing of K3V±1 and G8V±2, respectively. The primary star likely has a spectral type of K3V±1. The absolute parameters of BH Cas are obtained, including the mass, radius, and surface gravity, etc. The X-ray data extracted from the XMM-Newton show a light curve with no evidence of occultation as seen in the optical, and X-ray spectra consistent with black-body or bremsstrahlung thermal emission.
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